immunity. The aim of this study was to clone the turkey MIF (TkMIF) gene, express the active 23 protein, and characterize its basic function. The full-length TkMIF gene was amplified from 24 total RNA extracted from turkey spleen, followed by cloning into a prokaryotic (pET11a) 25 expression vector. Sequence analysis revealed that TkMIF consists of 115 amino acids with 12.5 26 kDa molecular weight. Multiple sequence alignment revealed 100%, 65%, 95% and 92% 27 identity with chicken, duck, eagle and zebra finch MIFs, respectively. Recombinant TkMIF Con A-activated splenocytes, while IL-10 and IL-13 transcripts were decreased. Overall, the 37 sequences of both the turkey and chicken MIF have high similarity and comparable biological 38 functions with respect to migration inhibitory activities of macrophages and enhancement of pro-
Introduction

43
Macrophage migration inhibitory factor (MIF), an evolutionarily conserved multi-44 functional protein, was originally identified as activated T cell-derived factor inhibiting random 45 migration of macrophages (David et al., 1966) . Following determination of complementary 46 DNA sequence of human MIF (Weiser et al., 1989) , a variety of biological properties has been 47 reported and defined MIF as a cytokine, enzyme, and chemokine-like function (CLF) chemokine. 48 MIF is constitutively expressed in a wide range of tissues and cells, and rapidly released after 49 stimulation with Gram-negative bacteria, bacterial endotoxin (LPS), pro-inflammatory mediators 50 (Calandra et al., 1994) , and low concentration of glucocorticoids (Calandra et al., 1995) . Due to 51 the absence of N-terminal consensus leader sequence, MIF is swiftly secreted through non-52 classical pathway that requires the activation of the Golgi-associate protein p115a (Flieger et al., 53 2003). 54 As a pleiotropic inflammatory cytokine, MIF modulates both innate and adaptive immune 55 responses through the activation of macrophages and T cells (Calandra et al., 2003) . MIF 56 upregulates the expression of TLR4 in response to stimuli and prompts induction of pro-57 inflammatory cytokines and chemokine (TNF-α, IFN-γ, IL-1β, IL-2, IL-6, IL-8), nitric oxide 58 (NO) (Calandra et al., 1994; 1995; Bacher et al., 1996) , and macrophage inflammatory protein 2 59 (MIP2) (Makita et al., 1998) . In adaptive immunity, MIF inhibits CD8 + T lymphocytes (CTL) 60 cytotoxicity and regulates T cell trafficking (Abe et al., 2001) . MIF reverses the anti-61 inflammatory and immunosuppressive activities of glucocorticoids, and sustains inflammatory 62 response against them (Calandra et al., 1995) . A high-affinity interaction of MIF with CD74 is 63 responsible to induce cell proliferation by activation ERK ½ family of mitogen-activated protein 64 in growth-promoting signaling pathway (Leng et al., 2003) . Induction of cyclooxygenase-2 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
(COX-2) and products of the arachidonic acid pathway (PGE 2 ) by MIF is required to suppress 66 apoptotic-inducing function of the tumor suppress protein (p53), which promotes cell survival 67 (Mitchell et al., 2002) . Structural analysis revealed MIF exists as a homotrimer form, and two 68 adjacent sites between monomers possess enzymatic activities (Lubetsky et al., 1999) , such as a 69 D -dopachrome tautomerase (Rosengren et al., 1996) , a phenylpyruvate tautomerase (Rosengren 70 et al., 1997) , and a thiol-protein oxidoreductase (Kleemann et al., 1998 qRT-PCR was performed using 7500 Fast Real-Time PCR system (Applied Biosystems, CA).
121
Specific primer sets were designed using Primer Express (Ver 3.0; Applied Biosystems) (Table   122 1). First-strand cDNA was synthesized with 2 µg of total RNA from turkey tissues using 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
The full-length TkMIF gene was amplified from total RNA extracted from turkey spleen 134 using primers designed by Kim et al. (2010) 
A C C E P T E D ACCEPTED MANUSCRIPT
PBMCs were cultured at 2.0×10 6 cells/well in a 24-well plate and treated with medium 224 alone, LPS alone (5 µg/ml), rTkMIF (0.01 and 0.1 µg/ml) or rTKMIF (0.01 and 0.1 µg/ml) with 225 LPS (5 µg/ml) at 39°C with 5% CO 2 for 6 hr. The supernatants were collected for NO assay 226 using Griess Reagent System (Promega, WI). The cells were lysed with Buffer RLT (Qiagen) 227 containing β-Me followed by RNA extraction using RNeasy Mini Kit (Qiagen). After cDNA 228 synthesis using 1 µg of RNA, expression levels of pro-inflammatory cytokines were analyzed.
229
Isolated splenocytes were cultured at 2.0×10 6 cells/well in a 24-well plate and treated 230 with medium alone, Con A alone (10 µg/ml), rTkMIF (0.01 and 0.1µg/ml) or rTKMIF (0.01 and 231 0.1 µg/ml) with Con A (10 µg/ml) at 39°C with 5% CO 2 for 6, 12, or 24 hr. After incubation,
232
NO assay was performed using the supernatant and total RNA was extracted. with Chicken MIF ( Figure S1 and Figure S2A ). Multiple sequence alignment and phylogenetic 245 analysis revealed that TkMIF shares 71% identity with human and mouse MIFs, and over 61% M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
identity among bird species with the highest identity with eagle (95%) and zebra finch (92%) 247 MIFs ( Figure S2 ). exhibits two α-helices and six β-strands ( Figure S1 ), similar to that of human MIF monomer. Splenic lymphocytes (1x10 6 cells/well) were treated with media alone, Con A (10 µg/ml) alone, 637 rTkMIF (0.01and 0.1 µg/ml) with Con A (10 µg/ml) for 6, 12, 24 hr and the expression of 
